SYNOPSIS The electrophoretic separations of some human and pig liver enzymes on cellulose acetate and Cellogel were investigated, with reference to their joint occurrence in serum of patients undergoing treatment by extracorporeal pig liver perfusion. In every case it was possible to distinguish between the human and pig enzymes. Pig lactate dehydrogenase isoenzymes occupy a position slightly anodic to the corresponding human bands. The aspartate transaminase band of human is more anodic than that of pig, but their cathodic bands have the same mobility. Alanine transaminase of both human and pig liver extract is shown to exist as two bands each towards the anode. The faster moving human band is more anodic than the corresponding pig band, while the other human band is less anodic. Sorbitol dehydrogenase, alkaline phosphatase, and ornithine carbamoyltransferase all exist as one band each. Human sorbitol dehydrogenase is more cathodic than the pig enzyme, human alkaline phosphatase more anodic than the pig enzyme, while human ornithine carbamoyltransferase is less anodic than the pig enzyme.
During work on the plasma enzyme changes both in patients with acute liver failure who undergo treatment by extracorporeal perfusion through isolated pig livers (Eiseman, 1966) and experimentally during isolated pig liver perfusion (Abouna, Ashcroft, Hull, Hodson, Kirkley, and Walder, 1969) it was necessary to utilize or develop methods for the independent demonstration in plasma of the enzymes originating from pig and from human tissues. As enzyme changes reflect liver cell integrity, we have assessed the pig liver damage during the extracorporeal perfusion (Buttery, Parbhoo, and Baron, 1971: preliminary communication) .
In an experimental perfusion the plasma enzymes are derived from three possible sources: the priming normal human blood plasma with low enzyme values, human erythrocytes, and pig liver. In a clinical perfusion the same three enzyme sources are present, in addition to the patient's blood plasma with high enzyme values from the patient's diseased liver. During the course of perfusion the circulating blood invariably undergoes haemolysis which liberates erythrocyte enzymes into the circulation, raising the enzyme levels, thus making meaningful interpretation of liver damage difficult (Abouna et al, 1969) . A 
poor isolation technique results in damage
Received for publication 20 December 1971. to the pig's liver. Total enzyme assays do not distinguish the three main tissue sources-human erythrocytes, human liver, and pig liver: to overcome this problem it is necessary to use isoenzyme techniques. Fortunately the isoenzymes of pig and human liver enzymes can usually be distinguished by electrophoresis.
The isoenzymes investigated are those of lactate dehydrogenase (L-lactate: NAD oxidoreductase, EC 1.1.1.27), aspartate transaminase (L-aspartate: 2-oxoglutarate aminotransferase, EC 2.6.1.1.), alanine transaminase (L-alanine: 2-oxoglutarate aminotransferase, EC 2.6.1.2.), sorbitol dehydrogenase (L-iditol: NAD oxidoreductase, EC 1.1.1.14.), ornithine carbamoyltransferase (carbamoylphosphate: L-ornithine carbamoyltransferase, EC 2.1.3.3.), and alkaline phosphatase (orthophosphoric monoester phosphohydrolase, EC 3.1.3.1.). These enzymes are present in the liver, and their activities in plasma are commonly measured and used diagnostically in various liver diseases.
Materials and Methods
The investigation into the separation and differentiation of enzymes from human and porcine liver was done on 10 % w/v liver extract in physiological 415 (0 9 %) saline, except for alkaline phosphatase which required butanol extraction (Morton, 1955 pig liver extract was subjected to electrophoresis. However, good separation and differentiation were obtained with human and pig sera or with samples obtained after perfusion (Fig. 2) .
The aspartate transaminase isoenzyme activity can be shown by two staining techniques. The direct staining method using Fast violet B salt (Fig. 3) has the advantage of being semi-quantitative. The reverse tetrazolium-staining technique (Fig. 4) appears to be more sensitive, especially for the cathodic band, but does not permit visual quantitation of the zone of enzyme activity: in addition, this technique is able to detect an extra anodic band in pig liver.
Alanine transaminase has been shown to exist in two molecular forms for both human and pig liver extract (Fig. 5) . Only one molecular form is shown to exist for sorbitol dehydrogenase (Fig. 6 ), ornithine carbamoyltransferase (Fig. 7) , and alkaline phosphatase (Fig. 8 ) in human and pig liver extract under the conditions in which the separation was carried out.
Discussion
The ease with which lactate dehydrogenase isoenzymes have been separated on cellulose acetate and the various fractions distinguishable from human and pig origin have permitted us to evaluate this enzyme change during both clinical and experimental perfusion. Taking an experimental perfusion as an example (Fig. 2) , the first specimen, that of priming human blood, shows the normal five lactate dehydrogenase bands. The next specimen shows a trace of a faster moving lactate dehydrogenase band which becomes distinct later. Additional bands appear which come from the pig liver during the perfusion. By this system of electrophoresis, we can usually detect eight bands, three from the pig and five from the human source, though in the example shown a total of nine bands are seen, four from the pig. We have shown in fact that the perfused pig liver liberates all five lactate dehydrogenase bands, but because bands 4 and 5 from the pig occur in the same place in our system together with human bands 3 and 4 (see Fig. 1 ), we normally cannot see them. Bersohn, Kew, Rolle, Mieny, and Myburgh (1969) , using starch gel electrophoresis, first reported the presence of pig lactate dehydrogenase isoenzymes in the sera of patients treated through extracorporeal pig liver perfusion.
Aspartate transaminase isoenzymes of human and pig are distinguishable only in the anodic (cytoplasmic) bands, while their cathodic (mitochondrial) bands have similar mobility and are not distinguishable (Fig. 3) . This is rather fortunate as most raised aspartate transaminase levels are first encountered in the anodic band, and only when liver damage is gross will the cathodic band be seen electrophoretically. The priming blood and erythrocytes have hardly any cathodic aspartate transaminase and hence will not interfere.
An electrophoretic separation of alanine transaminase showing two isoenzyme bands is presented for the first time. Both human and pig liver extract show two bands each and both human bands have different mobilities to that of pig. The presence of two molecular forms of alanine transaminase have been suggested by Swick, Barnstein, and Stange (1965) and Ziegenbein (1966) , one form being cytoplasmic and the other mitochondrial. Evidence from stability studies seems to suggest that the faster moving fraction is mitochondrial in origin. The application to perfusion studies of alanine transaminase isoenzyme changes has not been examined. The main reason for this is that the changes in alanine transaminase levels during perfusion have been slight compared to aspartate transaminase and this is due to the low level of alanine transaminase in pig liver tissue.
Sorbitol dehydrogenase isoenzymes of pig and human liver extract are easily distinguishable (Fig. 6 ). This system of separation, which gives only one band for each species, avoids the problem of polymorphism and fine resolution of sorbitol dehydrogenase by better techniques. It has been shown that three phenotypes are observed in pig (Hof, 1969) using starch gel electrophoresis. With the polymorphism in pig and possibly also in human liver, the differentiation of the human and pig enzyme fraction would be difficult and uncertain on starch gel. The proposed system which distinguishes the sorbitol dehydrogenase of human and pig has only recently been developed and has not been applied to clinical cases. Its application to experimental perfusion is not necessary. Any rise of sorbitol dehydrogenase above the basal priming blood must originate from enzymes liberated from damaged pig liver.
Human and pig ornithine carbamoyltransferase from liver extract both show one band each but have different mobility (Fig. 7) . A mixture of both was distinguishable as two discrete bands using a new staining method which we have developed for cellulose acetate. However, it has not been possible to detect this enzyme in the perfusate and patient samples on cellulose acetate because of the relative low enzyme activity when compared to liver extract.
The separation of the isoenzymes of alkaline phosphatase of human and pig liver extract was also achieved. During both experimental and clinical perfusion the level of alkaline phosphatase has been noted to remain unchanged, suggesting that this enzyme is not readily released from the damaged pig liver. The separation of alkaline phosphatase of human and pig fractions is at present of theoretical interest.
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